Background: Preterm infants in neonatal intensive care units frequently receive red blood cells (RBC) transfusions due to the anemia of prematurity. A number of variables related to gestational age, severity of illness and transfusion practices adopted in the neonatal unit where the neonate was born may contribute to the prescription of RBC transfusions. This study aimed to analyse the frequency and factors associated with RBC transfusions in very-low-birth-weight preterm infants. Methods: A prospective cohort of 4283 preterm infants (gestational age: 29.9 ± 2.9 weeks; birth weight: 1084 ± 275 g) carried out at 16 university hospitals in Brazil between January 2009 and December 2011 was analysed. Factors associated with RBC transfusions were evaluated using univariate and multiple logistic regression analysis. Results: A total of 2208 (51.6 %) infants received RBC transfusions (variation per neonatal unit: 34.1 % to 66.4 %). RBC transfusions were significantly associated with gestational age (OR: -1.098; 95%CI: -1.12 4.02-6.95) and the neonatal unit where the neonate was born. Conclusions: The frequency of RBC transfusions varied among neonatal intensive care units. Even after adjusting for adverse health conditions and therapeutic interventions, the neonatal unit continued to influence transfusion practices in very-low birth-weight infants.
Background
Preterm infants are at greater risk of developing anemia in comparison to full-term newborns, especially when admitted to an intensive care unit [1, 2] . Red blood cell (RBC) transfusions are one of the most employed strategies to correct anemia in preterm infants and have been associated with adverse health conditions and death, especially among preterm infants [3] [4] [5] [6] .
Understanding the events that increase the likelihood of RBC transfusions can contribute to the rational use of blood products in very low birth weight infants. Literature reports that RBC transfusions in preterm neonates are associated with clinical severity, phlebotomy blood loss and use of liberal criteria for the indication of transfusions. Among 640 newborns with a mean birth weight of 880 g and gestational age of 26 weeks, Fabres et al. found that 85 % of them received at least one red blood cell transfusion and that the transfusion volume was associated with birth weight, gestational age, age at first transfusion and the use of inotropic drugs [7] . Analyzing 147 newborns with a gestational age of 23.6 to 35.7 weeks and a birth weight of 460 to 1495 g, Mimica et al. found that number of transfusions was associated with birth weight, phlebotomy blood loss, duration of mechanical ventilation, peri-intraventricular hemorrhage and the use of liberal RBC transfusion guidelines. Every 10 mL/kg of blood lost increased the number of transfusions by 0.66; every 10 days on mechanical ventilation increased the number of transfusion by 0.59; and the adoption of liberal criteria increased this number by 0.55 [1] . A multicenter study carried out in seven neonatal units found that phlebotomy blood loss of 10 mL/kg increased the number of RBC transfusions by 27 % (95 % confidence interval: 23 to 30 %).
In this context, the aim of the present study was to analyze the frequency of red blood cell transfusions in very-low-birth-weight preterm infants and factors associated with this procedure in neonatal intensive care units in Brazil.
Methods
Data collected prospectively from 16 neonatal intensive care units at university hospitals located in seven states in Brazil were analyzed for this study. At each unit, clinical maternal and neonatal data considered essential to improvements in the quality of clinical care were routinely collected using a specific chart. At the time of the data collection for this study, delayed cord clamping or cord milking was not a routine practice at these neonatal units. Each unit was identified with a different letter of the alphabet (A to P).
The research project was approved by the Research Ethics Committee of each of the 16 Since data was obtained from a prospective database of all infants born in the Brazilian Network on Neonatal Research in the study period, informed consent was not obtained from participants because it is not required according to Brazilian regulations and IRB approval. The data were used for the analysis of transfusion frequencies and factors associated with the indication for RBC transfusions in very-lowbirth-weight newborns. The inclusion criteria were gestational age 22 to 36.9 weeks, birth weight < 1500 g and births occurring in the 16 neonatal units of the Brazilian Network on Neonatal Research. Infants with malformations and those who died in the first 12 h of life were excluded from the study.
The following factors were investigated: mother's clinical and obstetric history; birth conditions; sex; gestational age (calculated from the best obstetric estimate or by the neonatal evaluation) [8] ; adequacy of birth weight to gestational age [9] ; Apgar scores; clinical severity in the first 12 h of life based on the Score for Neonatal Acute Physiology, Perinatal Extension, Version II (SNAPPE II) [10] ; neonatal morbidity; and RBC transfusions during hospital stay. The following clinical morbidities were analyzed: respiratory distress syndrome [11] ; pulmonary hemorrhage; apnea [12] ; dependence on oxygen at 28 days of life and/or at 36 weeks of corrected gestational age [13] ; patent ductus arteriosus [14] ; clinical sepsis [15] ; necrotizing enterocolitis [16] ; peri-intraventricular hemorrhage (diagnosed by at least one head ultrasound during hospital stay) [17] ; periventricular leukomalacia [18] ; and retinopathy of prematurity according to The International Classification of Retinopathy of Prematurity [19] . Data were also collected on the use of mechanical ventilation, vasoactive drugs, umbilical catheter placement and parenteral nutrition.
All neonatal units had written guidelines for RBC transfusions based on the clinical condition of the newborn and on the need for respiratory support or surgery ( Fig. 1 ). Four units employed criteria based on the chronological age of the newborn. At these units, transfusions in the first two weeks were indicated when the hematocrit was lower than 35 to 40 % in the presence of respiratory support or surgery need, symptoms of anemia or hematocrit lower than 25 to 35 % in asymptomatic infants. Beginning in Week 3, RBC transfusions were indicated when the hematocrit was lower than 25 to 30 % in symptomatic infants or if infants needed respiratory support or surgery or hematocrit was lower than 21 % in asymptomatic infants. The transfusion volume ranged from 10 to 20 mL/kg; 47 % of the neonatal units administered 15 mL/kg at each transfusion.
The convenience sample was composed of all verylow-birth-weight newborns who met the eligibility criteria. According to literature [20] , 15 patients are needed for each independent variable in the logistic regression model. Considering the 35 independent variables analyzed in the present study (19 clinical and 16 neonatal units), a minimum of 525 patients was needed for the present study.
Univariate analysis was performed to test the strength of associations between the independent variables and the occurrence of RBC transfusions, with the inclusion of clinical variables considered important to the event. Variables with a p-value < 0.20 were incorporated in the multiple logistic regression analysis and those with a p-value < 0.05 remained in the final model. Statistical analysis was performed with the software SPSS 17.0 (IBM SPSS Statistics, Somers, NY), considering significant, p < 0.05.
Results
A total of 4882 neonates with very-low-birth-weight (gestational age: 22 to 36.9 weeks) were admitted to the 16 neonatal units during the study period. A total of 599 were excluded based on the eligibility criteria. Thus, 4283 were included in the study (mean gestational age: 29.9 ± 2.9 weeks: birth weight: 1084 ± 275 g); 2187 (51.1 %) were male; and 2937 (68.6 %) were delivered by cesarean section. Apgar scores were 5.8 ± 2.5 at the first minute and 8.0 ± 1.7 at the fifth minute. The SNAPPE II score was 24 ± 24. A total of 2330 (54.4 %) required positive-pressure ventilation in the delivery room.
During the hospital stay in the neonatal intensive care unit, the following complications were recorded: respiratory distress syndrome (n = 2755; 64.3 %), pulmonary hemorrhage (n = 262; 6.1 %), persistent arterial duct (n = 1443; 33.7 %), apnea (n = 1826; 42.6 %), oxygen dependence at 28 days of life (n = 1086; 25.4 %), oxygen dependence at a corrected gestational age of 36 weeks A total of 2208 (51.6 %) newborns received RBC transfusions. Table 1 displays the frequency of transfusions at each neonatal unit analyzed. Table 2 shows the characteristics of the newborns who received transfusions and those who did not.
The univariate logistic regression to analyze factors associated with the use of RBC transfusions is shown in Table 3 . Each neonatal unit was compared to Unit F, which had the lowest rate of RBC transfusions (Table 3) . Multiple logistic regression analysis was then performed in order to determine the odd ratios for receiving RBC transfusions (Table 4 ).
Discussion
Considerable variability among neonatal intensive care units was found regarding the frequency of RBC transfusions. The following factors were associated with indications for transfusions: lower gestational age, higher SNAPPE II score, presence of apnea, pulmonary hemorrhage, clinical sepsis, moderate/severe intraventricular hemorrhage, necrotizing enterocolitis, bronchopulmonary dysplasia, umbilical catheter use, parenteral nutrition, prolonged hospital stay and center. These variables are closely interrelated and, to some extent, reflect the morbidities and procedures often described for very-low-birth-weight newborns. However, the cross-sectional design of this investigation does not allow the determination of causeand-effect relationships between these variables and the transfusion of RBC [21] . Variability in the frequency of RBC transfusions is often reported in literature [7, [22] [23] [24] . This variability may be due to the increasing survival rate of premature infants with lower gestational ages [25] , but is also likely due to a lack of evidence-based criteria for the indication of transfusions [26] . Thus, the transfusion rate varies among neonatal units due to the severity of the patients' condition. In the present study, patients with higher SNAPPE II score had higher likelihood of being transfused. SNAPPE II score is related with mortality and morbidity [10] and may be associated with red blood cell transfusions [4] [5] [6] [7] . Kling et al. described a prediction model for transfusion in preterm neonates based on phlebotomy blood loss and clinical severity score, even after adjusting for phlebotomy blood loss [27] .
The restrictiveness of the transfusion guidelines may also contribute to the transfusion rates. A study carried out in 11 countries involving interviews with 1018 neonatologists found that only 51.1 % of the neonatal units have written guidelines for the indication of transfusions [28] .
A number of studies report an increase in adverse health conditions associated with RBC transfusions in premature infants, such as necrotizing enterocolitis [5, [29] [30] [31] , [3] . In a meta-analysis that included retrospective and case-control studies involving 4857 premature infants, Mohamed and Shah found an association between RBC transfusion and the occurrence of necrotizing enterocolitis 48 h following the transfusion. After controlling for confounding factors, the odds of developing enterocolitis was 2.01-fold (95 % CI: 1.61-2.50) greater among the infants that received transfusions in the previous 48 h in comparison to those who had not received transfusions [5] . Del Vecchio et al. described an association between the reduction of transfusion rates and a lower incidence of bronchopulmonary dysplasia, retinopathy of prematurity and necrotizing enterocolitis [32] .
In the present study, premature newborns who received RBC transfusions during hospital stay had a 3.8fold greater chance of developing enterocolitis and a 64 % greater chance of also having a diagnosis of grade III to IV hemorrhage in comparison to those who did not receive transfusions. However, it was not possible to establish the temporal relationship between the transfusions and these complications.
In a multicenter study involving tertiary neonatal care units at university hospitals and a total of 1077 premature newborns (gestational age: 23.0 to 36.9 weeks; birth weight: 400 to 1495 g), the relative risk of hospital death was 49 % greater among those who received at least one RBC transfusion in the first 28 days of life in comparison to those who did not receive transfusions, after controlling for confounding factors. Moreover, the relative risk of death after 28 days of life was 89 % greater among newborns who received three or more RBC transfusions during hospital stay in comparison to those who received one or two transfusions [4] . While this association was not investigated in the present study, it is a cause of concern that half of the newborns analyzed received at least one transfusion.
The use of an umbilical catheter was associated with a greater frequency of RBC transfusions. This association may have been due to the fact that umbilical catheters are employed in premature infants with lower gestational ages and greater clinical severity. However, an umbilical catheter facilitates blood collection for laboratory exams and can lead to greater blood loss, thereby increasing the need for transfusions.
The use of supplementary oxygen at 28 days of life, mechanical ventilation and vasoactive drugs were also associated with the indication for transfusions possibly due to the need for support to improve oxygenation and/or tissue perfusion. In a study by Guillén et al. involving 1018 neonatologists, the authors found that the following variables had the greatest influence on the decision to submit very-low-birth-weight newborns to RBC transfusions: the need for supplementary oxygen (44.7 % of neonatologists), need for respiratory support (44.1 %), postnatal age (36.5 %), number of reticulocytes (32.7 %) and the use of inotropic drugs (30.9 %). These findings suggest that the variables employed in the majority of guidelines for the indication of transfusions are effectively used in the clinical practice [28] .
The variability in transfusion rates among the different neonatal units studied may be explained by the clinical diversity of the premature newborns cared at these services. However, the differences among units persisted even after adjusting for clinical variables considered risk factors for blood transfusions. It is therefore possible that several factors influenced the indication for transfusions at these neonatal units, such as phlebotomy blood loss, differences in the criteria employed for the indication of transfusions, the degree of compliance with existing protocols and other healthcare practices [33] .
A reduction in phlebotomy blood loss is recognized as the most effective measure for diminishing the need for RBC transfusions. Madan et al. showed a 46 % reduction in the number of transfusions in extremely-low-birthweight preterm infants using a bedside blood gas analyzer, which reduced the volume of blood for laboratory exams [34] . Mahieu et al. found a reduction in the percentage of premature newborns that received transfusions after adopting of a multi-parameter monitor for laboratory analyses (50.0 % to 38.9 %, p < 0.05) and a 38 % reduction in the number of transfusions per newborn (2.53 to 1.57; p < 0.01) [35] .
The adoption of restrictive guidelines for RBC transfusions constitutes another measure for reducing the number transfusions. Venâncio et al. found that the use of restrictive criteria led to a reduction of 16 mL/kg in the volume of RBC transfused per newborn [36] and an 18 % reduction in the number of transfusions [1] . These effects are superior to those obtained with erythropoietin [2] . The practice of delayed cord clamping or cord milking would furher reduce the need for erythrocyte transfusions [37] , but this practice is not routinely stablished in most neonatal units [28] , as well as in the Brazilian neonatal units.
The limitations of our study were its: cross sectional design, lack of data on phlebotomy blood loss and number of transfusions per infant, and absence of data regarding transfusion guideline adherence in each neonatal unit. However the great number of neonates included and the diversity of factors analyzed may have contributed to improve the internal and external validity of this study.
